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Abstract

:

The growth in per capita consumption levels and the e-commerce industry have shifted the shopping mall model from a product consumption to a time-based consumption focus. This paper evaluates customer satisfaction with shopping malls using an importance–performance questionnaire, which identified eight key areas for improvement. Through field surveys and virtual reality (VR) simulation experiments, the impact of the components of public spaces within shopping malls on user satisfaction was assessed using both quantifiable and unquantifiable elements. Our findings inform the formulation of optimization design strategies in the areas of multipurpose functionality of facilities, intensification of boundaries, complexity of functions, and integration of resources, and have implications for the future design of internal public spaces in shopping malls.
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1. Introduction


At present, most shopping malls focus on improving commercial value in the early stages of design and pay insufficient attention to user space satisfaction, resulting in a lack of rational planning and design of indoor public spaces. Specifically, design deficiencies manifest as unreasonable layouts, poor space quality, and a lack of functional diversity, experiential interactivity, flexibility, and sociability, which not only hinder resting behavior but also compromise the creation of a pleasing spatial environmental ambience. Therefore, optimization of indoor public spaces is urgently needed. Reflecting on the current situation of shopping malls and in accordance with the context of the times and the objective need for spatial optimization, this study examines the non-compulsory consumer public space planned and operated by mall managers, specifically referring to path-based public space characterized by a high degree of sharing and openness. This study aims to explore methods for optimizing public spaces inside shopping malls through a modern experiential business model, with the objective of enhancing the overall spatial experience and thereby rectifying the existing design deficiencies.



1.1. The Influence of User Satisfaction on the Economic Value of Shopping Malls


With the development of social economics and improvements in national income and expenditure, consumer shopping needs have gradually changed from “material enrichment” to “spiritual enrichment”. The market trend of consumption upgrading has prompted modern shopping malls, to meet the consumer’s pursuit of spiritual enjoyment of shopping by creating a commercial space with the concept of “time-oriented consumption” (Figure 1), a modern consumption feature in which “service” and “time” greatly influence users’ consumption decisions [1]. This necessitates the reinforcement of functional diversity, experiential interactivity, flexibility and adaptability, and sociability of the public spatial configuration of shopping. These are important because the improvement of user satisfaction with the commercial space has a positive role in promoting the economic value of the shopping mall, facilitating customers’ increased stay time, increasing the frequency of space use, and improving the environmental evaluation of shopping mall services. In turn, this promotes guidance of passenger flow, enhancing the visibility of publicity information, and the popularity of the shopping mall. These will eventually enhance its rent and advertising revenue and achieve a balance between space efficiency and quality (Figure 2).




1.2. Literature Review of Virtual Reality Technology in the Field of Architecture


Since the 1990s, Western scholars have introduced virtual reality (VR) technology into urban planning, architectural spatial cognition, and behavioral experiments, gradually confirming the validity and reliability of experimental results. Studies of architectural spatial cognition can be broadly classified into two types: visual perception and spatial memory studies, and spatial behavior studies.



In 1997, Ruddle et al.’s extended navigation experiment with a non-immersive virtual environment demonstrated that participants in the virtual environment had similar abilities in directional judgments and distance perception as those in real space after adapting to and overcoming initial disorientation during the experiment [2]. In 2001, Bishop et al. explored the feasibility of landscape experience assessment for public behavior analysis in a virtual environment and proposed preliminary experiments [3]; in the same year, they completed an experimental study of paths [4]. In 2006, Zacharias examined the relationship between environmental preferences and spatial behavior using VR demonstrations, and found no differences in path selection between human responses to real urban environments and VR demonstrations, while most of the choices focused on expressing environmental preferences [5]. In 2008, Meilinger et al. investigated the working memory system and visual influence mechanisms involved in human wayfinding behavior through simulated virtual urban space walking experiments [6]. In 2015, Felnhofer et al. demonstrated that virtual environments can normally elicit happy, bored, anxious, and other emotional responses, through comparative experiments with virtual park scenarios [7]. In 2017, Deb et al. developed a novel pedestrian simulator using VR technology and experimentally confirmed that participants’ motor behavior conformed to real-world norms and produced correct subjective responses in VR scenarios developed with HTC VIVE head-mounted display devices and the Unity 3D development platform [8]. In the same year, the finding that the memory and executive performance of emissaries in multitasking virtual scenarios were similar to those of traditional paper-and-pencil measures of memory was confirmed in a study by Parsons et al. [9]. In 2018, Siegrist et al. confirmed through simulated roaming experiments with eye-tracking data that in VR environments, consumer information seeking and behavioral decision-making do not differ significantly from those in real-world settings, and concluded that VR can be an effective tool for conducting consumer behavior experiments in empirical studies [10]. In 2020, Cai conducted research into the application of immersive VR technology within the interior decoration of folk houses, establishing a theoretical foundation for the enhancement of interior design through VR assistance. This underscores VR’s potential to revolutionize the interior design process [11]. Similarly, Pérez et al. explored the realm of 3D immersive learning in architecture and construction, accentuating the advantages of immersive technologies in educational contexts, thus highlighting VR’s educational applications [12]. In 2023, Hao et al. delved into the application of VR technology in landscape architecture, identifying Virtual Reality, Design, and System as international research hotspots within the field, thereby underscoring VR’s increasing relevance in architectural research [13]. In 2024, Ma et al. conducted analytical research using image processing to create architectural virtual scenes, emphasizing the potential of these scenes in architectural design and visualization, and thereby demonstrating VR’s value in design visualization [14].



After nearly 30 years of exploration and experimentation by scholars in various countries, the reliability of VR technology and virtual environment roaming experimental results has been confirmed. Compared to traditional space research methods, experimental research using a virtual space model demonstrates advantages in terms of operability, flexibility, and cost savings. This shows that VR technology has high research and application value. Virtual scene experiment results can effectively reflect the experience of participants in spatial cognition and behavior and guide the optimal design of architectural spaces.




1.3. Research Gaps in Shopping Mall Interior Public Space Satisfaction


Scholars have gradually developed their research on shopping mall design from the functional organization of internal spaces to the integration of space design with urban public life. In addition to traditional atriums, entrances, and sales spaces [15,16,17,18], there has been increasing research on service and experiential ways of designing atypical public spaces such as women’s spaces, hygiene spaces, and shared spaces [19,20,21]. With the recent development of technology and availability of advanced research equipment, interdisciplinary quantitative and experimental research methods have been widely applied in the scientific study of shopping malls. Many empirical studies on comprehensive commercial buildings use the results of statistical data analysis to guide spatial design methods and design recommendations in a scientifically sound manner [22]. The exploration of VR technology in the cognitive and interactive design of architectural spaces by experts over the past three decades has similarly confirmed the accuracy and reliability of the findings of this experimental approach in the field of design as well as its powerful flexibility, universality, and development [10,23,24].



VR experiments play a pivotal role in predicting user satisfaction outcomes. By utilizing VR technology to create virtual environments and simulate different spatial configuration scenarios, users can experience them in a virtual setting. This not only gathers extensive data on user behavior patterns and preferences but also accurately predicts the impact of different spatial configurations on user satisfaction. Specifically, VR experiments facilitate assessing the influence of different spatial layouts on user flow and dwell time, testing the enhancement effects of various facility configurations on user experiences and satisfaction, and predicting the promotional impact of different arrangements on user engagement and loyalty.



However, most studies on interior public spaces in shopping malls remain at the stage of traditional research on the current state of the space [16,25,26], and few scholars have focused on improving the quality of interior public spaces in shopping malls based on an evaluation of user space satisfaction [27]. Although the application of VR technology in the field of architectural space cognition research is maturing, the integration of VR simulation experiments with systematic theoretical investigation remains scarce. Traditional survey research methods, which primarily focus on explicitly articulated user needs and expectations, may fall short in effectively capturing potential factors that users may be unaware of or find challenging to precisely articulate, such as emotional factors, environmental ambiance, or unconscious preferences. This limitation underscores the need for innovative research approaches that harness the capabilities of VR technology and integrate quantitative and qualitative methods.



The current environment of indoor public spaces in shopping malls does not meet the needs of contemporary users, and there are realistic spatial motives for design optimization. To fill this gap in the existing research, this study:




	(1)

	
Constructed a satisfaction evaluation system and conducted an importance–performance questionnaire survey to screen the space evaluation indices to be optimized;




	(2)

	
Combined VR experiments and statistical analysis methods to obtain the relationship between satisfaction and design elements of interior public space in a shopping mall;




	(3)

	
Proposed an analysis method that integrates both quantifiable and unquantifiable indicators to deeply analyze the underlying mechanism of satisfaction.











2. Satisfaction Factors for Interior Public Spaces


Human needs are constantly developing and being updated as society evolves, and can be divided into material and spiritual aspects. Maslow’s hierarchy of needs further divides human needs into five categories arranged from low to high levels in the hierarchy: physiology, security, social interaction, respect, and self-realization [28]. On this basis, scholars have divided needs into three levels in their analysis of public spaces: meeting basic physiological requirements, realizing passive personality development, and promoting active personality development [29]. From the perspective of spatial behavior theory, this conclusion can be summarized into two main levels: basic and advanced psychological needs [30,31]. Basic psychological needs include physiological needs, safety, accessibility, and convenience. Advanced psychological needs include comfort, privacy, and social needs. Considering the relatively low complexity of the behavior motivation and needs related to public activities in the shopping environment, and based on the above related research results, this study summarizes the use needs of public space in shopping malls into two levels: basic behavior needs and advanced psychological needs.



2.1. Basic Behavior Needs


Regarding the physical conditions of the place, basic behavior needs describe the basic-level requirements for meeting the use behavior and realizing the space function, which remain at the level of drawing people’s attention to the existence of space and using it effectively. The indoor public space of a shopping mall includes requirements for safety, comfort, and convenience.



	
Security requirements are the basic premise for users to feel protected and choose to stay and carry out activities in the space. The safety of facilities and site conditions are conducive to relaxation through sitting and restful activities.



	
Comfort is a necessary condition for the public rest space to enable “effective recovery of physical strength and relaxation of body and mind”. The comfort of seats and the improvement of other shared service facilities are the main considerations for the comfort of rest spaces. A public rest space in a commercial complex is a service-oriented space for shopping and commercial activities.



	
The convenience of its location and connection with other public spaces should also be considered necessary basic considerations to ensure the efficiency of space use.






Therefore, basic behavioral needs can be divided into three dimensions: rest facilities, auxiliary facilities, and site conditions.




2.2. Advanced Psychological Needs


Advanced psychological needs refer to needs related to feelings and cognition in the commercial public space environment and can stimulate a sense of satisfaction and identity on the premise of guaranteeing basic needs related to rest. Specifically, these include the requirements for privacy, sociability, and aesthetics of public rest spaces.



	
Compared to other activities, rest behavior is a relatively static and stable activity; therefore, users will have a sense of personal space and privacy needs for their environment.



	
In modern commercial spaces characterized by entertainment experiences, people’s demand for social interaction and activity participation in public rest spaces is growing.



	
A beautiful space can promote happy spiritual enjoyment, which represents the subjective aesthetic need of users during their stay and will affect people’s willingness to stay in the space and use time.






Advanced psychological needs can be divided into two dimensions: environmental and spiritual experience.



To facilitate implementation of the survey, the spatial evaluation indicators under the two demand levels were subdivided into 21 items. Their evaluation angles and meanings were supplemented and explained to enhance the effectiveness of the spatial evaluation, as shown in Table 1.





3. Methodology


3.1. Work Flow


The work flow of the study was as follows (Figure 3):




	
Based on a comprehensive review of theoretical foundations, literature research, and field surveys, 21 evaluation indicators for the indoor public space of shopping malls were identified. Following this, a user questionnaire was designed to capture data on these indicators, assessing both their importance and performance, with responses measured using a Likert scale.



	
Using importance–performance analysis, the results of the questionnaire were analyzed, and the evaluation indicators of indoor public spaces were screened and divided into quantifiable and unquantifiable indicators.



	
Using correlation analysis to analyze quantifiable indicators, a VR simulation experiment was used to process the unquantifiable indicators, and regression and descriptive analyses were used for statistical analysis.



	
Finally, this study established the corresponding relationship between indicators and influencing elements.









3.2. Field Survey


3.2.1. Materials


Based on the evaluation index items, a questionnaire was designed to evaluate satisfaction with public rest spaces in shopping malls (Supplementary Materials S1). The questionnaire contained two parts. The first part was a basic information survey containing four questions on the respondents’ sex, age, occupation, and average frequency of visits. The second part was an indicator importance–satisfaction evaluation scale. The questionnaire used a 5-point Likert scale. Respondents rated the importance and satisfaction of the indicators by ticking the corresponding scores, ranging from 1 to 5 for very unimportant/unsatisfactory, unimportant/satisfactory, average, relatively important/satisfactory, and very important/satisfactory, to obtain the satisfaction and importance scores of the 21 indicators (Table 2).




3.2.2. Procedure and Participants


Questionnaires were distributed to customers with a certain amount of leisure time in the selected sample spaces to obtain respondents’ subjective evaluation data on their satisfaction and importance ratings for the sample spaces. The determination of the sample size was based on several key factors, including the research objectives, the size and diversity of the target population, the desired level of confidence, the acceptable margin of error, as well as the available resources and feasibility of this study [32]. Specifically, we aimed to distribute a sufficient number of questionnaires to ensure that, after excluding invalid responses, we would still have a robust dataset for analysis. Consequently, a total of 386 questionnaires were distributed, of which 378 were valid and 8 were invalid.



The reliability analysis was conducted using IBM SPSS Statistics 23.0, after standardization of the data to ensure the reliability and stability of the questionnaire evaluation score data. In the results (Table 3), Cronbach’s alpha coefficients for satisfaction and importance were 0.892 and 0.876 (>0.8), respectively, indicating that the consistency of the study data reflected good reliability, and the evaluation results were reliable.



The basic information data of the questionnaires were counted, and their demographic characteristics were in line with the characteristics of the population using the space objects. The age composition of respondents was predominantly young and middle-aged, accounting for 84.97%, with 53.85% of respondents aged 18–30 and 31.12% aged 31–45. The frequency of shopping center visits averaged between once semimonthly and once a month, with 33.6% of respondents, followed by once every month to three months, with 29.89% of respondents. The sex composition of respondents was slightly higher for women (54%) than for men (46%). Additionally, the majority of respondents were company employees (42.31%) and students (34.27%) (Figure 4).




3.2.3. Significant Factor Filtering


This study used importance–performance analysis to screen the evaluation indicators to be optimized. This method is an ideal tool for analysis and evaluation, as it distinguishes the strengths and weaknesses of current resources and prioritizes them by comparing users’ expectations (importance) with their actual perceptions (performance), thereby assisting in the formulation of improvement decisions [33,34,35,36]. The data obtained in the analysis were reflected in a two-dimensional matrix analysis diagram in the form of (x, y) coordinates, and the two-dimensional plane was divided into four quadrants (Figure 5) using the mean value of each axis as the boundary for the improvement zone (Concentrate Here), strength zone (Keep Up the Good Work), opportunity zone (Low priority), and maintenance zone (Possible Overkill).



The importance–performance analysis method was chosen for the following three reasons:




	
The combination of the two can focus more efficiently on the key points of the space from the perspective of rational allocation of resources, and increase the rationality and energy efficiency of the proposed optimization strategies.



	
A two-dimensional graphical representation of importance and satisfaction can be used to analyze the current situation more clearly, and the combination of paired-sample t-tests and other data analysis methods can improve the interpretation of subjective evaluation data.



	
The satisfaction scores corresponding to the evaluation indicators to be optimized are used for research analysis in the subsequent subsections, guaranteeing the continuity of the research process.









3.2.4. Quantitative Descriptions of Significant Factors


To investigate the relationship between the evaluation indexes to be optimized and the design of public resting spaces in commercial complexes, as screened by importance–performance analysis, a research project on spatial elements was conducted.



The quantifiable spatial elements were divided into two categories: physical environment elements and perceptual experience elements. The former pertains to interface transparency, density of leisure facilities, types of shared-service facilities, average distance between shared-service facilities, density of decorative vignettes, visual permeability, number of main colors, color-difference value, functional density, and shop density. The latter category is related to other indicators. The quantification of each spatial element is presented in Table 4.



Visual permeability was calculated using the line-of-sight rate. The specific method involved calculating the average value of the permeability in the four directions of the selected space sample points: front, back, left, and right. After taking the photos, the longitudinal and transverse grids of the four directions of each point were processed using Adobe Photoshop 2021 software, and the percentage of the area of the nonsolid part of the photo in the longitudinal plane of the photo was calculated (Figure 6). The number of main colors was used to quantify the number of main colors in the space, and Adobe Photoshop was used to pixelate the photo to extract the number of colors with the largest proportion (Figure 7); the color difference value was extracted by the Image Color Summarizer color calculator to extract the 10 main colors in the space and obtain the corresponding value of LAB color space, and we used the LAB color space color difference formula ΔE = (ΔL)2 + (Δa)2 + (Δb)2 to calculate the color difference value results (Figure 8).




3.2.5. Influence Analysis


Using SPSS 23.0 software, the quantitative results of the aforementioned spatial constituents were correlated with the results of the satisfaction evaluation of the indicators obtained from the questionnaire survey using Pearson correlation analysis, and the contents that showed significant correlation results were marked.





3.3. VR Experiments


3.3.1. Materials


The virtual experiment used a desktop computer as the software running platform, the operating system was Microsoft Windows 10, the processor was Intel Core i7-6700K (Intel, Santa Clara, CA, USA) with a main frequency of 4.0 GHz, and the graphics card was NVIDIA GeForce GTX 1070 (NIVIDIA, Santa Clara, CA, USA), which fully satisfied the development system configuration and the smooth demand of 3D display. A virtual immersion device using an HTC VIVE Pro Eye head-mounted VR device (HTC Corporation, Hsinchu, China) and an auxiliary equipped with equipment supporting the bracket and gimbal were used (Figure 9, Table 5).



The VR simulation experiment aimed at investigating the influence of unquantifiable indicators on spatial satisfaction in the public rest spaces of commercial complexes. Unquantifiable elements such as seating density, width ratio of rest space to public transportation space (d1/d2), space location, and seat form were selected as control variables for the virtual scenario design.



Owing to the large number of control variables and measurement levels, and the interaction between different influencing factors, a full-scale experiment would cumulatively produce a large number of experimental samples, and the experimental operability would be extremely weak. Therefore, a uniform experimental design was adopted. The idea of this method is to select representative test points for experiments from the perspective of uniformity to represent full-scale experiments with fewer experimental times, which is important for computer and physical experiments. This approach is widely used in many experimental fields such as medicine, industry, and environmental protection because of its “uniformity and dispersion” feature that can not only effectively reduce the number of experimental samples but also infer the optimal experimental conditions by means of statistical analysis of data [37,38]. Simultaneously, the level of measurement of the influencing factors (control variables) in the homogeneous experimental design is applicable to both numerical and qualitative categories, which is consistent with the type of variable investigated in this study and is highly practical.



Furthermore, virtual roaming experimental space scenes were developed based on variable-specific information. Finally, six groups of experimental 3D scene models were created using SketchUp 2019 software (Table 6).




3.3.2. Procedure and Participants


The experimental process is shown in Figure 10.



First, the SketchUp modeling software was used to build the 3D scene model, complete the material endowment, and save it as an FBX file. The mapping file package and FBX file were imported into the Unity 3D project folder, and the model units, material mapping, scene lighting brightness, and other virtual scene settings were debugged to enhance the three-dimensionality and realism of the virtual scene and complete the preparation of the virtual space scene. The HTC VIVE equipment setup was completed at the proposed experimental site and included the installation of brackets and base stations, debugging base stations, and equipment connections. Furthermore, Steam VR was used for equipment debugging, which included four steps: equipment connection, starting SteamVR, checking equipment status, and running tests.



Second, after ensuring that the equipment was effective and the virtual headset was worn correctly, a 15 min pretest experiment was conducted to familiarize the testers with the use of the equipment and ensure that no discomfort occurred during the experiment, to ensure smooth conduct of the formal experiment. After the program was started, six spatial scenes were played in a random order, and the formal experiment was conducted. Simultaneously, participants’ spatial roaming was actively observed and recorded, while the recording software was opened to record the experimental process (Figure 11).



Finally, participants completed the spatial satisfaction evaluation questionnaire (Supplementary Materials S2) at the end of the scene roaming experiment. Participants saved the recorded screen mp4 files for easy playback and data correction during later analysis.



In terms of participants, the VR simulation experiment recruited college students between the ages of 20 and 25, with a total of 35 participants. College students were recruited for three main reasons. First, college students are not only the easiest subjects to recruit for this experiment but are also one of the most commonly used participant groups for behavioral experiments. The higher uniformity of research results in the field of social sciences and questionnaires for student groups than for non-student groups has also been confirmed [39]. Second, previous studies have shown that significant age differences in spatial cognitive abilities exist, and 18–25 years can be considered the same age group for spatial cognitive experiments [40,41,42,43]. Finally, young people are the mainstream users of VR, with more than 60% of users aged 16–34 [44,45]. Therefore, the young college student group will have stronger adaptability in the process of VR device operation and virtual roaming and minimize the differences in results due to other factors, such as device operation barriers or visual vertigo.




3.3.3. Data Analysis


The data collected were classified according to spatial type and analyzed using SPSS 23.0 software. Multiple regression and curve-fitting analyses were used in that order.



Because of the homogeneous experimental design approach used, a regression analysis of the experimental results was required [46]. Multiple regression analysis is a mathematical and statistical method for studying the dependence of a dependent variable on multiple control variables and is used to analyze the magnitude of the effect of individual control variables on the dependent variable. In this study, data on public rest spaces were subjected to multiple regression analysis to ascertain the extent to which the control variables influenced the overall satisfaction rating scores.



To investigate the relationship between spatial perception and satisfaction evaluation in the different experimental scenarios, the collected evaluation data were analyzed using curve fitting after calculating the average value. The evaluation indices of “willingness to prefer” and “willingness to stay” were introduced to explore the relationship between spatial experience and these two willingness factors.






4. Results


4.1. Significant Influencing Factors


According to the importance–performance process, a paired-samples t-test was first required to determine whether there was a significant difference between the importance (I) and performance (P) values of each indicator in the public space, to eliminate evaluation indicators that were not suitable for importance–performance analysis in each group. The paired-sample t-test is a data analysis method that detects whether there is a significant difference between two groups of statistics with normal means from the aggregate. If the test result p-value (two-sided) is less than 0.05, a significant difference between the two is indicated. The results (Table 7) show that the p-values of all the indicators were less than 0.05, which is significant and suitable for importance–performance analysis.



We mapped out the public rest space importance–performance analysis matrix and summarized the evaluation indicators in quadrant IV (urgent improvement area). The mean values of importance and expressiveness of each evaluation index of the path-type public rest space were 3.90 and 3.45, respectively, and the overall satisfaction was at a low level. As shown in Figure 12, quadrant IV (urgent improvement area) contains eight indicators: number of seats (1), seat arrangement (3), storage facilities (4), shared service facilities (5), spatial privacy (13), field-of-view width (17), attractiveness/significance (18), and aesthetic pleasure (19).




4.2. Influence Mechanisms of Quantifiable Factors


The correlation results are shown in Table 8 and Table 9, and the values in the tables are Pearson correlation coefficients. The results of the data correlation analysis revealed the following.



In Table 8, among the objective physical elements, sitting density and spatial privacy showed a significant negative correlation (r = −0.652, p < 0.05). This means that the higher the seating density, the lower the satisfaction rating for spatial privacy. Interface transparency was significantly positively correlated with aesthetic pleasantness (r = 0.820, p < 0.05). This indicates that, as the transparency of the interface increases, the aesthetic pleasantness rating increases. The density of decorative vignettes was significantly positively correlated with aesthetic pleasantness (r = 0.514, p < 0.05). This means that the higher the density of decorative vignettes in the space, the higher the aesthetic pleasantness evaluation score.



As shown in Table 9, among the elements of perceptual experience, visual permeability was significantly negatively correlated with the form of the seating layout (r = −0.481, p < 0.05) and with the attractiveness/significance evaluation (r = −0.619, p < 0.05). This shows that an increase in view permeability will change the trend so it takes the opposite direction in seating layout and attractiveness/significance rating scores. Store density showed a significant negative correlation with view openness evaluation (r = 0.412, p < 0.05), indicating that the higher the density of surrounding stores, the higher the user view openness evaluation. There was a significant positive correlation between functional density and attractiveness/significance evaluation (r = 0.734, p < 0.01). This indicates that the greater the variety of store functions within the perimeter of the public rest space, the greater the attractiveness/significance evaluation scores.



The results of the correlation analysis between satisfaction with the evaluation indexes to be optimized and the spatial components are summarized in Table 10.




4.3. Influence Mechanisms of Unquantifiable Factors


4.3.1. Influence of Spatial Elements on Overall Satisfaction


Multiple linear stepwise regression analysis was performed on the satisfaction comprehensive evaluation scores with four control variables: seating density, d1/d2 (width ratio), location, and seating form, to derive the weight of each factor’s influence on the satisfaction evaluation scores. The quotient (i.e., F-value) of removing the within-group mean square with the between-group mean square was much greater than 1, which indicates that the data are statistically significantly different in the image of all four factors on the comprehensive evaluation, and the results of the analysis are as follows.



The regression model analysis results were significant (p < 0.05), and the control variables as a whole explained a significant proportion of the variance of the overall satisfaction rating (Table 11). The location of the relative weight was larger, with an absolute value of 0.356; the width ratio weight was the second largest, with an absolute value of 0.163; and the seat form and seat density influence weights were relatively small, with absolute values of 0.108 and 0.009, respectively (Table 12).



In conclusion, the overall satisfaction rating for the public rest space was primarily influenced by the location and two control variables, d1/d2 (width ratio). In contrast, the two variables of seating form and seating density exerted a relatively limited influence on satisfaction. Consequently, the subsequent analysis employed a curve-fitting diagram in the regression analysis to examine the impact of location on the sense of privacy and attractiveness of a space and the influence of the width ratio on the sense of spatial scale and spatial pleasantness. This approach facilitated the identification of a more intuitive relationship between subjective experience and curve evaluation.




4.3.2. Influence of Spatial Elements on Preference for Selection and Staying


Two evaluation perspectives were introduced, namely, “preference for selection” and “preference for staying”. The curvilinear relationships between the ratings of spatial privacy and spatial attractiveness were analyzed from the perspective of “preference for selection”, while the curvilinear relationships between the ratings of spatial pleasure level and spatial scale sense were analyzed from the perspective of “preference for staying”.



A peak was observed for medium-to-high levels of privacy in terms of the effect on selection preference. Conversely, a low or high level of privacy decreased people’s willingness to behave in public resting spaces (Figure 13). This may be because when the feeling of privacy is too high, it leads to lower behavioral ratings owing to a stronger sense of spatial segmentation from public movement, which, in turn, reduces the crowd’s perception of overall public space vitality. When the level of privacy is insufficient, the resting space is unable to fulfil the requisite demand for such a space, which, in turn, results in the public being disinclined to use it. Therefore, public rest spaces should be designed with a balance between the need for privacy and the creation of a vibrant atmosphere to better meet the psychological and behavioral expectations of the public in terms of the use of space. Concurrently, the evaluation of preference for selection increased in conjunction with the enhancement of space attraction. Furthermore, as the level of attractiveness increases, the impact of preference enhancement gradually diminishes (Figure 14).



Regarding the impact on preference for staying, the relationship between spatial pleasure level and preference for staying demonstrated a clear upward trajectory. When the spatial pleasure level was medium or higher, the increase in preference for staying evaluation score was particularly pronounced (Figure 15). While the impact of spatial scale sense on the evaluation of preference for staying exhibited fluctuations when the level of scale perception was low, the overall trend demonstrated a gradual increase with a rise in spatial openness perception. Conversely, as the level of spatial scale sense increased, the effect on preference for staying tended to diminish (Figure 16). The preceding analyses demonstrated that an increase in both spatial pleasure level and spatial scale sense can facilitate an increase in users’ preferences for staying in public spaces.






5. Discussion


After the importance–performance analysis, the evaluation indicators of interior public spaces that needed to be optimized were number of seats (1), seat arrangement (3), storage facilities (4), shared service facilities (5), spatial privacy (13), field-of-view width (17), attractiveness/significance (18), and aesthetic pleasure (19). The VR-based simulation assessments not only provide us with precise quantitative data but also facilitate a profound understanding of user preferences and behavioral patterns, which can be leveraged to develop more personalized and user-centered public spaces within shopping malls.



By analyzing user interactions and feedback within the virtual environment, designers can accurately capture the diverse needs and expectations of customers, enabling them to tailor designs that are more aligned with reality and comprehensively enhance the overall experience. Building on this foundation, our proposed optimization strategies focus on four aspects: multiple purposes of facilities, intensification of boundaries, complexity of functions, and integration of resources. These strategies are well-aligned with the mainstream trends in shopping mall design.



Specifically, the push for multipurpose facilities reflects the industry’s shift towards creating flexible spaces that can accommodate a variety of activities and events, thereby increasing customer engagement. The intensification of boundaries acknowledges the need for clear yet inviting spatial definitions that enhance the shopper’s sense of place and navigation. The complexity of functions resonates with the trend of offering immersive and multifaceted experiences within shopping centers, moving beyond traditional retail to incorporate entertainment, dining, and leisure activities. Lastly, the integration of resources underscores the importance of sustainable and efficient use of space, materials, and technology, which is a prominent concern in modern architectural and interior design practices.



These strategies are guided by a correlation analysis of objective composition elements and the results of VR experimental research (Table 13). By aligning our approach with these design trends, we aim to create shopping center interior public spaces that are not only optimized for user satisfaction but also resonate with broader industry shifts towards more dynamic, sustainable, and experiential environments.



5.1. Design Suggestions According to the Multiple Purposes of Facilities


The objective of this study was to propose optimal design strategies for resting seats, storage facilities, and shared service facilities, leveraging VR simulations to ensure both high user satisfaction and efficient space utilization. Specific design techniques can be classified into two categories: multipurpose functionality and facility utilization, and modular seating combinations. First, in the initial stage of the design process, seats can be created with flexible backrests that allow a combination of sitting, resting, and storage functions. VR simulations were employed to test various configurations and combinations of these flexible seats, allowing designers to assess user comfort, accessibility, and overall satisfaction in a virtual environment. Furthermore, seating can be integrated into existing facilities or structures within a designated area. Auxiliary seating can be formed by utilizing landscape green tables, exhibition stages, and space decorations, thereby adapting the limited area of path-type public rest spaces to accommodate various modes of use or scene decoration requirements. VR simulations helped to visualize these integrations and assess their impact on space utilization and user experience.



Second, a modular seating combination mode was employed. Seats exhibit commonalities in form, features, standard scales, and so forth. Different seat forms could be combined by selecting uniformly sized and collocable seat modules. VR simulations were used to test the modularity and adaptability of these seat modules, ensuring that they could be easily reconfigured to meet changing needs and preferences. In addition to being placed according to the scale of the path of the different lines of movement and the seating requirements of the rest space, the overall style of the facility can be maintained through coordination and unity, which was also evaluated and refined through VR simulations.



Lastly, by integrating the analysis of user behavior data monitored during VR experiments with subjective feedback collected through post-experiment questionnaires, we derived the relationship between users’ spatial perception and their satisfaction evaluations across various experimental scenarios. Using these findings as a design basis ensured that the design of shopping malls not only aligns with user expectations and needs but also achieves efficient space utilization.




5.2. Design Suggestions According to the Intensification of Boundaries


In terms of boundary intensification, the boundaries of a given space can be defined in terms of the enclosure and division of solid or imaginary bodies. This intensification holds significant importance in enhancing user privacy and comfort within shopping center public spaces. By clearly delineating different functional areas, a sense of security and privacy is created for users, allowing them to relax and enjoy their surroundings without feeling exposed. The results of the VR experiment indicated that the satisfaction score for the unilateral layout was significantly higher than that for the intermediate layout.



Therefore, when a space interface is situated on one side of a path-type public space, it should be arranged in a manner similar to that of a unilateral layout of lounge seating, which forms a harbor-style resting area that allows for “passing through, but not entering”. This arrangement not only respects user privacy but also enhances their overall comfort by providing a cozy and secluded spot within the bustling shopping center. When one side of the court is traversed via a high space, the local hollow way can be utilized to “protrude” rest seats, thereby disrupting the linear boundary form of the traffic space. This simultaneously enhances the sense of place of the public rest space and privacy, while facilitating interaction between the commercial traffic dynamic line and each other in its own way, and while also reducing interference and ensuring that the rest of the area is tranquil and uninterrupted.



In such a configuration, the wall or exterior environment on one side may be considered. The creation of a recessed public rest space on one side of the wall or in the outside world can enhance spatial stability and further contribute to user comfort. Furthermore, the height of greenery and structures can impede visibility, which is a common method for creating private spaces in interior design. By strategically placing these elements, a balance between openness and privacy can be achieved, making the shopping center a more enjoyable and comfortable place for all.



Moreover, the use of VR technology plays a crucial role in exploring and refining the boundary intensification strategies within shopping mall public spaces. Compared to traditional design methods, VR simulations offer the advantage of efficient iteration. Designers can quickly adjust parameters such as boundary settings, materials, and colors in the virtual environment, observe their impact on the spatial effect, and rapidly identify the optimal solution. This not only saves significant time and costs but also improves design efficiency and quality. Furthermore, VR simulations can collect behavioral data from users within the virtual space, such as dwell time, movement trajectories, and gaze foci. By analyzing these data, designers can gain a deeper understanding of users’ reactions and preferences towards different boundary strategies, providing a scientific basis for the optimization of spatial strategies.




5.3. Design Suggestions According to the Complexity of Function


The functional complexity of interior public spaces exerts a significant influence on user satisfaction. This diversity offers users a rich array of choices and conveniences, enabling them to fulfil multiple needs within the same space. However, if the functionality is excessively complex and lacks a reasonable layout and navigation guidance, users may feel confused and discomforted, thereby diminishing their satisfaction. With regard to functional compositing, an increase in attractiveness evaluation scores derived from the findings of the VR experiment influenced individuals’ behavioral inclinations to favor public rest areas. Conversely, the correlation results demonstrated that satisfaction scores for attractiveness/significance correlated with functional density and visual permeability. Considering the flexibility inherent to the path-type public rest space, an optimized design strategy for functional composites is proposed from two perspectives: the composite dynamic consumption space and sharing with the commercial dynamic line. First, a small business space with a brief shopping period, such as catering, book bars, or temporary consumption spaces, can be combined with a path-type public resting space. This integration can enhance the space utilization rate and comprehensive functional density of the space, while also ensuring the continuity of the commercial atmosphere and vitality of the indoor public space. Second, the path-type public rest space can be integrated with the traffic system, thereby achieving a composite use of the space. For instance, the integration of rest areas with wide steps facilitates cross-layer connections, thereby reducing consumers’ sense of spatial oppression. They also enable the creation of distinctive public social spaces.



However, this increase in functional complexity must be carefully managed to avoid overwhelming users and compromising their comfort and ease of navigation. VR experiments can be instrumental in achieving this balance. By simulating different functional configurations and observing user behavior in the virtual environment, designers can gain insights into how users interact with and navigate through multifunctional spaces. This allows for the identification of potential bottlenecks, confusing layouts, or areas where users may feel uncomfortable or disoriented. Furthermore, VR simulations can help assess the impact of functional density and visual permeability on user satisfaction. By manipulating these variables in the virtual environment and collecting user feedback, designers can refine their design strategies to ensure that the space remains attractive, functional, and easy to navigate.




5.4. Design Suggestions According to the Integration of Resources


In terms of resource integration, the design begins with the integration of function, space, and traffic, with the objective of maximizing the value of space. The correlation analysis and VR experimental results indicate that enhancing the perception of openness enhances users’ willingness to stay in the public rest space of shopping malls. This highlights the potential of VR simulations in optimizing resource allocation to create more inviting and comfortable environments. Furthermore, the evaluation of aesthetic pleasure and transparency of the interface were significantly correlated. Given the restricted dimensions of path-type public rest spaces, the interpenetration of the visual environment can be enhanced by connecting other spatial elements to form an organized continuous space through the application of an integrated design. First, the location of the space can be selected and adjusted to expand the spatial field of view and strengthen visual coherence with the surrounding space. To illustrate, the exchange of sight lines between the resting spaces located on different levels of the plane can be achieved vertically through the height of the space. An additional option would be to consider the arrangement of seating on the side of the interface with high transparency, such as a curtain wall, to strengthen the visual connection with the outdoor environment.



In the context of VR simulations, the integration of public space resources can be further refined to enhance user satisfaction and promote more sustainable architectural designs for shopping centers. By simulating different scenarios and gathering user feedback, designers can identify the most effective ways to optimize space utilization, improve visual appeal, and create a more comfortable and inviting environment for users. This user-centered approach, combined with sustainable design principles, leads to higher levels of satisfaction, loyalty, and environmental responsibility, ultimately contributing to the long-term success and sustainability of shopping centers.




5.5. Benefits and Limitations


This study finds that VR simulations offer a powerful and valuable means for further analyzing the shift towards time-based consumption in shopping malls and for implementing and evaluating design strategies. By creating virtual shopping environments, these simulations allow for the comprehensive testing and assessment of various consumption scenarios, time schedules, shopping mall layouts, flow lines, and functional configurations, as well as exploring innovative design solutions that prioritize not only aesthetics but also functionality and sustainability. For instance, VR can help assess how well a mall’s layout facilitates navigation, how natural light is harnessed to enhance the shopping experience, and how energy-efficient systems can be integrated into the design. All of these factors can be explored prior to physical construction or renovation. This process gathers extensive data on consumer behavior patterns, preferences, pathways, dwell times, points of interest, and space utilization efficiency, revealing demands and expectations related to time consumption and overall user experience.



Identifying potential issues and areas for improvement in terms of both form and function, as well as environmental impact, enables optimization of shopping mall designs, ensuring not only alignment with customer needs and expectations but also promoting sustainable practices. For example, data from VR simulations can guide the selection of materials that are both visually appealing and eco-friendly, or the design of spaces that encourage natural ventilation and reduce the need for artificial cooling. Additionally, VR simulations facilitate rapid design iteration and cost reduction while providing immersive interactive experiences. Therefore, in future project practices, the experimental and testing feedback from VR simulation technology can be actively utilized to ensure that our design strategies achieve optimal results in the real world.



This study also highlights a synergistic relationship between field surveys and VR simulations in assessing unquantifiable aspects of user satisfaction. Field surveys capture immediate user feedback and subtle sensations within real-world environments, providing rich, qualitative data. In contrast, VR simulations create highly realistic virtual environments that enable immersive interactive experiences and rapid design iteration, thereby reducing costs. By integrating these methods, field feedback informs VR simulations, and the simulation results are then validated on-site, creating a closed-loop process that enhances assessment accuracy. Moreover, VR simulations transcend field survey limitations by identifying potential issues and future needs, driving continuous innovation not just in aesthetic design but also in functional efficiency and sustainable practices through this multidimensional analysis of user satisfaction.



It is important to note that the VR scenarios in this study were based on existing shopping mall designs, which introduces certain constraints on the test results. However, future design schemes can incorporate VR-based user satisfaction surveys to facilitate multiple iterations and ongoing monitoring of design proposals. This approach will continually optimize the design of shopping mall interior public spaces, balancing the needs of aesthetics, functionality, and sustainability to ensure both high user satisfaction and efficient space utilization.





6. Conclusions


This study constructed an evaluation system for the satisfaction of public rest spaces in shopping malls and identified evaluation indicators that require optimization. Twenty-one evaluation indicators were selected through a literature review and theoretical analysis. User satisfaction evaluations of public rest spaces in shopping malls were conducted using an importance–performance questionnaire. Furthermore, using an importance–performance matrix, eight indicators that urgently require optimization were identified, and the discrepancies between users’ initial expectations and actual experiences of the space were analyzed.



This study established the relationship between public space satisfaction and shopping mall spatial components through a combined analysis of quantifiable and nonquantifiable indicators. Through field research and data correlation analysis, the relationships between satisfaction with the evaluation indicators to be optimized and quantifiable spatial components, such as seating density, visual permeability, and number of theme colors, were summarized. The results indicated that among the objective material elements of space, there was a significant negative correlation between seating density and spatial privacy (r = −0.652, p < 0.05), and a significant positive correlation between interface transparency and aesthetic pleasure (r = 0.820, p < 0.05). Among the perceptual experience elements, there was a significant negative correlation between visual permeability and seat arrangement (r = −0.481, p < 0.05), and a significant negative correlation with attractiveness/significance evaluation (r = −0.619, p < 0.05). There was also a significant negative correlation between store density and field-of-view width evaluation (r = 0.412, p < 0.05) and a significant positive correlation between functional density and attractiveness/significance (r = 0.734, p < 0.01). Meanwhile, through VR simulation experiments and data regression analysis, the satisfaction evaluation of public rest spaces in shopping malls was divided into two aspects: preference for selection and staying. The results showed a quadratic relationship between spatial privacy and preference for selection, with an R2 value of 0.947. The relationship between spatial attractiveness and preference for selection evaluation followed a logarithmic curve with an R2 value of 0.984. A quadratic relationship was found between spatial pleasure and the preference for staying, with an R2 value of 0.989. The relationship between spatial scale sense and preference for staying was more aptly described by a quadratic curve with an R2 value of 0.987.



In conclusion, this study refined the focus of optimization design from the user’s perspective, thereby facilitating the enhancement of the operational efficacy of public rest spaces in shopping malls operating within the experience economy. Additionally, it provided a foundation upon which the optimization and renewal of public rest spaces in shopping malls can be based, a process that is of considerable social and practical significance.
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Figure 1. Differences between product-oriented and time-oriented consumption. 
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Figure 2. The logic of the business value of interior public space satisfaction enhancement. 
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Figure 3. The work flow of this study. 
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Figure 4. Demographic distribution of the questionnaire: (a) age distribution of respondents; (b) frequency of respondents going to shopping malls; (c) sex distribution of respondents; (d) occupation distribution of respondents. 
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Figure 5. Description of importance–performance analysis. 
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Figure 6. Example of how to calculate field-of-view permeability. 






Figure 6. Example of how to calculate field-of-view permeability.



[image: Buildings 14 03264 g006]







[image: Buildings 14 03264 g007] 





Figure 7. Example of main body color number extraction method. 
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Figure 8. Example of calculation method of color difference value. 
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Figure 9. The main equipment and software involved in the experiment. 
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Figure 10. Experimental operation process. 
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Figure 11. Roaming experimental process screen interface recording. 
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Figure 12. Importance–performance analysis matrix diagram of path-type public rest space. 
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Figure 13. Curve fitting analysis of spatial privacy and preference for selection. 
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Figure 14. Curve fitting analysis of spatial attractiveness and preference for selection. 
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Figure 15. Curve fitting analysis of spatial pleasure level and preference for staying. 
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Figure 16. Curve fitting analysis of spatial scale sense and preference for staying. 
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Table 1. Satisfaction factors for interior public spaces and descriptions of their meanings.
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Hierarchy of Needs

	
Indicator

Dimension

	
Specific Evaluation Indicator (21)

	
Evaluation Perspective and Meaning






	
basic behavior needs

	
rest facilities

	
number of seats (1)

	
whether the number of rest seats meets the requirements




	
material of seats (2)

	
whether the rest seat material is comfortable and beautiful




	
seat arrangement (3)

	
position and layout of rest seats




	
auxiliary

facilities

	
storage facilities (4)

	
whether the space has special storage facilities




	
shared service facilities (5)

	
satisfaction with garbage cans and charging facilities




	
vending facilities (6)

	
whether the space has vending facilities or meets visitors’ needs




	
entertainment facilities (7)

	
satisfaction with the space entertainment and activity facilities




	
decorative sketch facilities (8)

	
variety and whether it creates visual attractiveness and enjoyment




	
place conditions

	
site safety (9)

	
safety and stability when resting or staying




	
site accessibility (10)

	
space accessibility and convenience




	
cleanliness and maintenance (11)

	
whether the space is clean or has few traces left after use




	
advanced psychological needs

	
environmental perception

	
environmental crowding degree (12)

	
the feeling of being crowded/cramped/empty space during rest




	
spatial privacy (13)

	
whether the space can provide a rest space for being alone and undisturbed




	
physical environment comfort (14)

	
whether the light, temperature, and humidity are appropriate during the rest time




	
color richness (15)

	
the richness and harmony of the main color collocation in the space




	
interface coordination (16)

	
whether the composition and material of space interface form are coordinated




	
field-of-view width (17)

	
the openness of the overall visual environment of the space




	
spiritual

experience

	
attractiveness/significance (18)

	
the characteristics and creativity of space design




	
aesthetic pleasure (19)

	
whether the overall environmental vision is beautiful and pleasant




	
cultural/regional (20)

	
whether the space style has cultural and artistic flavor or regional characteristics




	
activity participation (21)

	
participation degree and willingness to engage in space activities











 





Table 2. Quantitative assignment of evaluations.
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Index

	
Quantitative Evaluation






	
level of

importance

	
very

unimportant

	
unimportant

	
average

	
relatively

important

	
very important




	
level of

satisfaction

	
very unsatisfactory

	
unsatisfactory

	
average

	
relatively satisfactory

	
very

satisfactory




	
value

	
1

	
2

	
3

	
4

	
5











 





Table 3. Questionnaire data reliability analysis.
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	Data Category
	Cronbach’s Alpha
	Number of Variable Items





	importance reliability
	0.892
	21



	satisfaction reliability
	0.876
	21










 





Table 4. Quantitative indicators and quantification of environmental elements.
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Categories

	
Quantitative Indicators

	
Quantitative Approach






	
elements of the physical environment

	
interface transparency

	
(open interface × 1 + transparent interface × 0.75 + non-transparent interface × 0)/total length of side interface × 100%




	
density of leisure facilities

	
number of seats/area of public lounge space (pcs/m2)




	
types of shared service facilities

	
types of facilities




	
average distance of shared service facilities

	
∑ distance to facilities/total number of facilities (m/per)




	
density of decorative vignettes

	
total number of decorative vignettes/space area (pcs/m2)




	
elements of the perceptual experience

	
visual permeability

	
mean values of line-of-sight transmittance in all four directions of the photograph (%)




	
number of main colors

	
number of subject colors obtained by photo extraction




	
color difference value

	
LAB color space color difference formula




	
functional density

	
∑ type of function/area of selected range space (species/m2)




	
shop density

	
∑ amount of shops/area of selected range space (pcs/m2)











 





Table 5. Experimental equipment information.
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Classification

	
Equipment/Software

	
Specification Information

	
Application






	
virtual scene construction

	
modeling software

	
SketchUp Pro 2019

	
construction of virtual 3D scenes




	
VR equipment

	
HTC VIVE Pro Eye (locator, interactive grip, virtual headset)

	
immersive roaming of virtual scenes




	
auxiliary equipment

	
shooting stands and tripod heads

	
positioning and adjustment of equipment




	
Unity 3D software platform

	
Unity 2020.3.7f1c1

	
human–computer interaction settings




	
interaction-driven software platform

	
SteamVR 1.26

	
enabling virtual device control




	
data collection and analysis

	
screen recording software

	
Bandicam 7.0

	
recording behavior in video




	
statistical analysis software

	
SPSS 23.0

	
data collation and analysis











 





Table 6. Scenario design for VR experiments in public rest spaces.






Table 6. Scenario design for VR experiments in public rest spaces.





	No.
	XI (Seat Density)
	X2 (d1/d2)
	X3 (Location)
	X4 (Seat Type)





	1
	6 (60.0%)
	3 (1:4)
	3 (shop + atrium intermediate)
	2 (domestic-oriented)



	2
	4 (45.0%)
	1 (1:2)
	1 (midway between shops on both sides)
	3 (cluster type)



	3
	1 (25.0%)
	1 (1:2)
	4 (shop + atrium single-sided type)
	2 (domestic-oriented)



	4
	5 (52.5%)
	2 (1:3)
	5 (shop + exhibition wall single-sided type)
	1 (export-oriented)



	5
	2 (32.5%)
	2 (1:3)
	2 (two side shops + atrium style)
	1 (export-oriented)



	6
	3 (40.0%)
	3 (1:4)
	6 (shop + exhibition wall intermediate)
	3 (cluster type)










 





Table 7. Summary sample of differences between importance and performance data.






Table 7. Summary sample of differences between importance and performance data.





	Evaluation Indicators
	Importance–Performance Mean Difference
	t-Value
	p-Value





	number of seats (1)
	0.96
	37.621
	0.000



	material of seats (2)
	−0.18
	−5.736
	0.000



	seat arrangement (3)
	1.22
	35.297
	0.000



	storage facilities (4)
	1.18
	37.438
	0.000



	shared service facilities (5)
	1.15
	36.427
	0.000



	vending facilities (6)
	0.74
	19.945
	0.000



	entertainment facilities (7)
	1.01
	37.834
	0.000



	decorative sketch facilities (8)
	0.24
	5.473
	0.000



	site safety (9)
	−0.38
	−9.361
	0.000



	site accessibility (10)
	−0.11
	−3.733
	0.000



	cleanliness and maintenance (11)
	0.21
	6.252
	0.000



	environmental crowding degree (12)
	−0.15
	−3.026
	0.003



	spatial privacy (13)
	1.34
	34.066
	0.000



	physical environment comfort (14)
	0.26
	7.143
	0.000



	color richness (15)
	−0.48
	−10.465
	0.000



	interface coordination (16)
	−0.5
	−12.042
	0.000



	field-of-view width (17)
	0.79
	23.193
	0.000



	attractiveness/significance (18)
	0.95
	23.062
	0.000



	aesthetic pleasure (19)
	0.74
	20.300
	0.000



	cultural/regional (20)
	0.28
	6.859
	0.000



	activity participation (21)
	0.11
	3.145
	0.002










 





Table 8. Results of correlation analysis between physical elements and evaluation indicators.
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	Interface Transparency
	Seat Density
	Shared Service Facility Types
	Shared Service Facilities’ Distance
	Decorative Vignettes
	Seat Arrangement
	Spatial Privacy
	View Analysis
	Attractiveness/

Significance
	Aesthetic Pleasure
	Cultural/

Regional
	Activity Participation





	interface transparency
	1
	
	
	
	
	
	
	
	
	
	
	



	seat density
	0.822
	1
	
	
	
	
	
	
	
	
	
	



	shared service facility types
	−0.485
	−0.551
	1
	
	
	
	
	
	
	
	
	



	shared service facilities’ distance
	0.799
	0.129
	−0.487
	1
	
	
	
	
	
	
	
	



	decorative vignettes
	−0.170
	0.212
	0.439
	−0.717
	1
	
	
	
	
	
	
	



	seat arrangement
	−0.452
	−0.203
	0.750
	−0.259
	0.334
	1
	
	
	
	
	
	



	spatial privacy
	−0.057
	−0.652 *
	0.252
	−0.449
	0.298
	0.303
	1
	
	
	
	
	



	view analysis
	0.01
	−0.513
	0.611
	0.095
	−0.422
	0.465
	0.380
	1
	
	
	
	



	attractiveness

/significance
	−0.270
	0.489
	0.273
	0.174
	0.575
	0.481
	0.491
	0.115
	1
	
	
	



	aesthetic pleasure
	0.820 *
	0.705
	0.376
	−0.046
	0.514 *
	−0.046
	0.631
	0.749
	0.110
	1
	
	



	cultural/regional
	−0.771 *
	0.143
	0.261
	0.170
	0.646
	0.833
	−0.075
	0.487
	0.491
	0.476
	1
	



	activity participation
	0.391
	−0.270
	0.174
	−0.211
	0.627 **
	0.493
	−0.167
	0.550
	0.436
	0.346
	0.624
	1







** Significant correlation at 0.01 level (bilateral). * Significant correlation at 0.05 level (bilateral).













 





Table 9. Results of correlation analysis between perceptual experience and evaluation indicators.
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	Visual Permeability
	Main Colors
	Chromatism
	Functional Density
	Store Density
	Seating Arrangement
	Spatial Privacy
	View Openness
	Attractive-Ness/Significance
	Aesthetic Pleasure
	Cultural/

Regional
	Activity Participation





	visual permeability
	1
	
	
	
	
	
	
	
	
	
	
	



	main colors
	−0.823
	1
	
	
	
	
	
	
	
	
	
	



	chromatism
	−0.570
	0.891
	1
	
	
	
	
	
	
	
	
	



	functional density
	0.649
	−0.468
	0.702
	1
	
	
	
	
	
	
	
	



	store density
	0.598
	−0.534
	0.366
	0.468
	1
	
	
	
	
	
	
	



	seat layout
	−0.487 *
	−0.840
	−0.032
	0.329
	−0.187
	1
	
	
	
	
	
	



	spatial privacy
	0.486
	−0.467
	0.258
	0.398
	0.727
	0.524
	1
	
	
	
	
	



	view openness
	0.563
	−0.713
	0.243
	0.524
	−0.412
	0.398
	0.389
	1
	
	
	
	



	attractiveness/significance
	−0.619 *
	−0.536
	−0.489
	0.734 **
	0.059
	0.768
	0.148
	0.102
	1
	
	
	



	aesthetic pleasure
	0.318
	0.417
	0.390
	0.519
	−0.479
	−0.870
	0.546
	0.743
	0.287
	1
	
	



	cultural/regional
	−0.857
	−0.757 *
	0.462
	0.531
	0.787
	0.799
	0.891
	0.488
	0.431
	0.764
	1
	



	activity participation
	0.722
	−0.269
	0.719
	0.270
	0.874
	0.416
	0.821
	0.457
	0.405
	0.915
	0.612
	1







** p < 0.01 level (bilateral), * p < 0.05 level (bilateral).













 





Table 10. Summary of correlation analysis.
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	Evaluation Indicators
	Significant Spatial Elements





	seat arrangement (3)
	visual permeability



	spatial privacy (13)
	seat density



	field-of-view width (17)
	store density



	attractiveness/significance (18)
	visual permeability, functional density



	aesthetic pleasure (19)
	interface transparency, decorative vignettes










 





Table 11. Analysis of variance using control variables.






Table 11. Analysis of variance using control variables.





	
Model

	
Square Sum

	
df

	
Mean Square

	
F

	
p-Value






	
1

	
regression

	
21.984

	
4

	
5.496

	
8.100

	
0.000 b




	
residuals

	
98.389

	
145

	
0.679

	

	




	
aggregate

	
120.373

	
149

	

	

	








b. Control variables: (constant), seat layout, seat density, width ratio, spatial position.













 





Table 12. Factors influencing overall satisfaction.






Table 12. Factors influencing overall satisfaction.





	
Model

	
Unstandardized Coefficient

	
Standardized Coefficient

	
t

	
p-Value




	
B

	
Standard Error

	
Beta






	
1

	
(constant)

	
5.161

	
0.587

	

	
8.794

	
0.000




	
seat density

	
−0.009

	
0.007

	
−0.117

	
−1.250

	
0.213




	
d1/d2

	
0.163

	
0.052

	
0.311

	
3.153

	
0.002




	
location

	
−0.356

	
0.130

	
−0.324

	
−2.740

	
0.007




	
seat arrangement

	
−0.108

	
0.126

	
−0.099

	
−0.859

	
0.392











 





Table 13. Spatial contextualization optimization strategy and corresponding content.






Table 13. Spatial contextualization optimization strategy and corresponding content.





	Evaluation Index Items to Be Optimized
	Optimization Strategies
	Optimization Goals





	number of seats (1), storage facilities (4), shared service facilities (5)
	multiple purposes of facilities
	increase diversity of use patterns



	seat arrangement (3), spatial privacy (13)
	intensification of boundaries
	restrict areas for sitting and resting places



	attractiveness/significance (18)
	complexity of functions
	accommodate space–time sharing



	field-of-view width (17), aesthetic pleasure (19)
	integration of resources
	enhance vitality induction
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